indicated P-selectin to be an important risk factor in the atherosclerotic plaque development in both early and advanced stages [22, 23] . In light of these findings, P-selectin has been suggested to constitute one of the important markers for atherosclerosis. P-selectin is encoded by SELP gene located on chromosome 1q21-q24 spanning >50 kb and contains 17 exons encoding structurally distinct domains [24] . The inactivation of SELP in atherosclerosis prone ApoE-/-mice had shown decreased monocyte recruitment to neointima formation sites after carotid artery injury and markedly reduced atherosclerosis plaque formation [25] . Various SNPs of SELP are linked to susceptibility towards various inflammatory diseases [26] [27] [28] . A genome wide association study (GWAS) implicated association of two regions of P-selectin gene with systemic lupus erythematosus (SLE) in UK and USA families [29] . Another GWAS indicated association of rs6136 of SELP with soluble levels of P-selectin in a European population [30] . Furthermore, Exome variant server data showed various probably damaging SNPs of SELP which are also part of Illumina human genome chips (http://evs.gs.washington.edu/ EVS/.) [31] .
SNPs constitute more than 90% of all the human genetic variations and are located in both coding and non-coding regions of the gene. The nsSNP is a single base change in a coding region that can affect the protein sequence by changing an amino acid residue [32] . These may affect the protein function by destabilizing its structure or by affecting various physico-chemical properties [33] . The ncSNPs are also important as they may alter the gene expression by affecting transcription binding function, splicing regulation and miRNA binding etc. [34] . To better understand their clinical relevance, it is a prerequisite to prioritize the variants on the basis of their functional impact. But, it would be difficult, time consuming and very expensive to experimentally illustrate the functional impact of all the variants in casecontrol association studies Thus, the present study is designed to determine the functionally important SNPs in SELP using various computational tools. To the best of our knowledge, this is the first comprehensive and systematic in silico analysis of SELP.
Materials and Methods
We retrieved the information regarding gene sequence, protein sequence and rs ID of various SNPs from NCBI dbSNP database (http://www.ncbi.nlm.nih.gov/SNP/). The SNPs validated by genotype data, multiple independent submissions, HapMap project, 1000 Genomes Project and with minor allele frequency (MAF) ≥0.05 were subjected to further analysis.
Prediction of variants in the conserved regions of the gene
The variants in the conserved regions of the gene were identified by Ensembl 
Analysis of functional impact of coding nsSNPs
SIFT (Sorting Intolerant from Tolerant) predicts the change in protein function by amino acid substitution (AAS) (http://sift.jcvi.org/). This web tool is used to evaluate the deleterious or tolerated effect of SNPs using the sequence homology approach. It uses a multistep process that first searches sequences having similar function or that are closely related, second achieve multiple alignments of the selected sequences and then last calculate the normalized probability for each AAS. SNPs having SIFT score ≤ 0.05 are predicted to be deleterious and those with score >0.05 are predicted to be tolerable [35] . We submitted protein FASTA sequence and dbSNP IDs of selected nsSNPs as the input file.
Polyphen-2 (version 2.0.9) server determines the AAS involved in the structural and functional modifications (http://genetics.bwh.harvard.edu/pph2/). It uses specific empirical rule to determine the fate of proteins structure and function due to nsSNPs. Furthermore, it uses the Basic local alignment search tool (BLAST) to identify homologues of the input, calculates the position-specific independent counts (PSIC) scores for each of the variants. The PSIC score ranges from 0 to1, where 0 indicated benign effect of AAS, 1 indicated probably damaging effect (more assertive prediction), and score lies in-between indicated possibly damaging effect (less assertive prediction) [36] . SNP IDs were submitted as input queries for this tool.
SNPs & Go, a support vector machine (SVM) based method, predicting disease associated nsSNPs using protein functional annotation (http://snps.biofold.org/ snps-and-go/). It generates the probability of each variant to be associated with human diseases. A probability score >0.5 predicted the related nsSNP to be disease associated and <0.5 predicted the neutral effect of nsSNP [37] . We submitted protein FASTA sequence and variant IDs were as input files.
nsSNPAnalyzer identifies disease associated nsSNPs using multiple sequence alignment and protein structure analysis (http://snpanalyzer.uthsc.edu/). Information regarding secondary structure, solvent accessibility and environmental polarity is also provided by this software [38] . Protein sequence in FASTA format and a substitution file denoting the SNP identities were used as input data.
SNPs3D is a web database that provides the information regarding disease-gene relationship at the molecular level (http://www.SNPs3D.org). It provides three primary modules. The first module analyses the impact of nsSNPs on protein structure. The second module provides information regarding relationships between various candidate genes and the third module predicts the candidate genes that are involved in particular diseases. In the present study, the first module was selected, which uses SVM to designate each SNP as deleterious or nondeleterious to protein function. A negative SVM score represents a deleterious variant while a positive score indicates the non-deleterious variant [39] . We submitted SELP gene ID as the input file.
Mutpred is a web tool that classify AAS as deleterious/ disease associated or neutral variation (http://mutpred. mutdb.org/about.html). In addition to this, it predicts the molecular basis of deleterious/disease associated AAS. It identifies the changes of functional sites and structural features between native and variant sequences [40] . These changes are represented as probability of gain or loss of function or structure and can provide understanding of probable basis of disease state. It gives the deleterious mutation probability scores for each AAS, the score <0.5 indicated the neutral effect and score >0.5 indicates the deleterious effect [41] . Furthermore, Mutpred, also provides improved classification accuracy over the other human mutation prediction tools. Protein FASTA sequence and AAS were submitted as the input file.
I-Mutant (version 2.0) is a neural network based programme which is used to predict the change in the stability of the protein structure due to single nucleotide change (http://folding.biofold.org/i-mutant/imutant2.0.html). Information regarding free energy change (DDG) was also calculated by this programme. Negative value of DDG indicates the decrease in the stability of protein structure and vice versa. The DDG classify the results in three categories i.e., largely stable (DDG > −0.5 kcal/mol), largely unstable (DDG < −0.5 kcal/ mol), or neutral (−0.5 ≤ DDG ≥ 0.5 kcal/mol) [42] . We submitted protein FASTA sequence, position AAS and the variant residue as the input file.
Modeling the effect of deleterious variations on protein structure
SWISS-MODEL template library is used for protein structure homology modeling (http://swissmodel.expasy. org/). It interprets the number of closely related templates to build a complete structure of the protein. It allows users to search the template with highest identity, to evaluate the sequence similarity among different templates and cluster them to choose the best one for modeling. P-selectin protein structure was searched using Research Collaboratory for Structural Bioinformatics Protein Data Bank (RCSB PDB). Furthermore, FASTA sequence of the desired domain was submitted as the input file for SWISS-MODEL.
Protein BLAST is a protein sequence alignment tool. On submission of query sequence, it provides various protein sequences with different identities. It also allows users to align the query sequence with other manually submitted sequences. The templates with identities ranging from 30-80% were submitted along with the query sequence to select the best template for modeling of variant structure.
Analysis of functional impact of ncSNPs
SNPinfo is a set of web based tools used for selection of functional SNPs. (http://snpinfo.niehs.nih.gov/snpinfo/ snpfunc.html). It analyzes SNPs on the basis of genome wide association studies (GWAS), linkage disequilibrium (LD) and functional characterization. It consists of three main pipelines naming genome pipeline, linkage pipeline and functional SNP prediction. The FuncPred tool of SNPinfo server is designed for functional SNP prediction. It predicts the effect of SNPs on specific functions including splicing regulations, transcriptional binding factor site, miRNA binding site etc. [43] . SNP IDs of selected intronic SNPs in Asian population were submitted as the input file.
RegulomeDB is a novel approach and database which guides interpretation of regulatory variants in the human genome (http://regulomedb.org). To identify regulatory potential of ncSNPs, RegulomeDB includes highthroughput, experimental data sets from Encyclopedia of DNA Elements (ENCODE) and other sources, as well as computational predictions and manual annotations. These data sources are combined into a powerful tool that scores variants to help separate functional variants from a large pool. Thus, it provides a small set of putative sites with testable hypotheses [44] . RegulomeDB assigns a range of scores to variants to specify their potential (Supplementary table 1). Gene ID i.e. SELP was submitted as the input file for RegulomeDB.
The complete strategy adopted for prediction of functionally important SNPs is depicted in Figure 1 .
Results
There were 2780 active entries of SNPs for SELP available in NCBI dbSNP database (as accessed on September 9, 2015). The dbSNP was selected because it is the most extensive and reliable SNP database and MAF of SNPs of SELP [45] . Based on the criteria of validation status and MAF, 4 nonsynonymous SNPs, one 3' near gene SNP, Six 5' near gene SNPs and 112 intronic SNPs were selected and subjected to further analysis ( Table 1 ). The synonymous SNPs were excluded from the present study, as these do not result in amino acid change, thus affecting the protein function, solubility and stability. Furthermore, all the 124 selected SNPs were found to reside in the conserved regions of the SELP gene (Figure 2 ). The SNPs having MAF <0.05, with non-validated status and not located in conserved regions, were excluded from the present analysis as well.
Identification of functionally important nsSNPs and their effect on protein stability
Three nsSNPs i.e. rs6125, rs6127 and rs6133 were predicted as deleterious or disease associated variants by one or more computational tools used. However, rs6131 was predicted to have neutral/benign effect on protein structure and function by all the tools used. rs6125 was expected to have probably damaging, disease associated and deleterious effects with the score of 0.766 (polyphen-2), 0.721(Mutpred), -0.46 (SNPs3D, data not shown). rs6127 was predicted as disease associated variant with the probability score of 0.515 (Mutpred) ( Table 2) . Furthermore, the nsSNP rs6133 was found to be disease associated only by nsSNPAnalyzer lectin/EGF domains was available with PDB id 1G1Q. However, most of the identified disease associated genetic variants of SELP were found to be located in nine short consensus repeats (CRs). The SNP rs6125 (V209M) is located in first CR (195-259 amino acids), rs6127 (D603N) in 7th CR (570-631) and rs6133 (V640L) resides in 8th CR (640-701). An effort was made to predict the complete structure of P-selectin using SWISS-MODEL. Protein Sequences of all the three CRs (query sequences) were submitted to (data not shown). These variants (rs6125, rs6127 and rs6133) predicted to be deleterious or diseases associated with at least one tool were subjected to I-Mutant analysis. All the three variants were shown to decrease the stability of protein structure as the DDG predicted was less than −0.5 kcal/mol (Table 3) . The complete structure of P-selectin protein with 830 amino acids was not available until the drafting of this manuscript. Only a 195 residue structure comprising (Supplementary table 2) . To check the sequence identity near the position of interest, the templates were aligned with query sequences using Protein BLAST. Inspite of 44.26% sequence identity, none of the templates were aligned with the regions of the SELP covering above mentioned functionally important variants. Hence, the predicted deletrious variations were not modeled in the protein structure.
Functional impact of intronic region, upstream regulatory region and downstream regulatory region SNPs
Out of 112 intronic SNPs, SNPinfo predicted 10 SNPs to affect the transcription factor binding site (TFBS) activity and 2 SNPs were found to effect the splicing. All the seven 3' and 5' near gene SNPs were also found to affect TFBS activity (Table 4) . However, miRNA binding site activity was not affected by these SNPs. On analysis of 119 SNPs of non-coding region by RegulomeDB, 79 SNPs were found to have regulatory effect ranging from 1f to 6 (Table  5) . Out of these 79 variants, rs2205895 was found most likely to affect the transcription factor binding (TFB) with a RegulomeDB score of 1f. Moreover, four variants were observed less likely affecting the TFB with a score of 3a. The other variations showed minimal binding effect on TFBS. The five SNPs i.e. rs2205895, rs3917811, rs2235302, rs3917779, rs3917739 with highest ranks were more likely to have the regulatory effect, thus prioritized for further analysis.
All the functionally important SNPs in SELP including 3 nsSNPs and 24 regulatory SNPs located in distinct regions of SELP are shown in Figure 3 .
Discussion
The present study is designed to identify the functionally important genetic variants in the human SELP gene using .05 predicted tolerated effect; PSIC score (0-1): 0 indicated benign effect, 1 indicated probably damaging effect, in-between 0 and 1 indicated probably damaging effect; SNP & Go probability score: >0.5 predicted the disease associated, <0.5 predicted the neutral effect; MutPred probability score: >0.5 indicated disease associated/deleterious effects, <0.5 indicated neutral effect. *rs6125 predicted deleterious/disease associated by Polyphen-2, MutPred and SNP3d (data not shown); rs6127 was predicted deleterious/disease associated by MutPred; rs6133 was predicted disease associated by nsSNPAnalyzer (data not shown). 
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*eQTL-expression quantitative trait loci; TF-transcription factor Khan and Vihinen (2010) . Therefore, the present SNPs selection was based on the overall analysis of these SNPs by various tools. Similarly on the basis of available literature, we selected SNPinfo and RegulomeDB for the analysis of ncSNPs [43, 44, 50] .
In the present approach, we used stringent criterions to select genetic variants to avoid errors in the outcome. The first criterion was validation status that supports the evidence of actual existence of variants in a gene [51] . To ensure the high frequency of a particular variant in a given population, the second precedence was MAF. In large scale projects like HapMap, the MAF ≥0.05 was set as standard for selection of genetic variants [52] . Accordingly, MAF≥0.05 was selected to prioritize the validated SNPs. The third important criterion was evolutionary conserved region variants, as these variants can have crucial effects on protein structure and function.
A total of 27 SNPs (3 non synonymous and 24 non-coding) were found to have putative functional importance. Out of these, 11 SNPs have been previously studied in association with various diseases and P-selectin levels. A nsSNP rs6125 (V209M) is located at exon 5 of SELP, near to the epidermal growth factor-like domain of SELP, which is important for specificity and ligand binding. The prevalence of its variant 209M is found to be high in ventricular fibrillation patients [22] . Furthermore, NHLBI GO Exome Sequencing Project (ESP) predicted rs6125 as probable damaging for protein structure as well as function, which is in consonance with the findings of the present study (http://evs.gs.washington. edu/ EVS/.). Another nsSNP rs6127 (D603N) is reported to be associated with recurrent spontaneous abortions, myocardial infarction and increased risk of albuminuria in multiple studies [9, 53] . It is located within the CR domain (exon 11) of the P-selectin protein. This is shown to be important for P-selectin and its ligand binding. So, it may be assumed that variation at position 603 of P-selectin results in a protein that can affect the recruitment of leukocytes to the endothelium. This hypothesis can prove the contribution of leukocyte/endothelium interaction mechanism in coronary heart disease. Furthermore, rs6127 was found to be associated with increased thrombosis risk in antiphospholipid syndrome patients [54] . Third functionally important nsSNP, rs6133 (V640L) is located in a region near the trans-membrane domain (exon12) of P-selectin that may have a functional role in P-selectin/ leukocyte interaction and the amino acid substitution at position 640 is predicted to be functionally deleterious [55] . In a previous study, this variation is found to be associated with low soluble P-selectin levels in EuropeanAmericans and African-Africans [56] .
A Genome-wide linkage study showed the association of two distinct regions of SELP with systemic lupus erythematosus (SLE) in UK and USA populations [29] . In the case of UK SLE families, three haplotype blocks are defined in SELP. The first haplotype block comprised of 21.4 kb in promoter region, EGF, Lectin like domain and 1-3 CR regions. Block 2 covers up a region of 14.6 kb, which involves the rest of the CR region. The 3 rd block covers the transmembrane domain and 3'UTR region, having a length of 11.2 kb. A risk haplotype, tagged by C allele of rs3753306, was located in the first haplotype block. The 2 nd block had a protective haplotype, tagged by T allele of rs6133. This genetic association study is carried out in US SLE families to confirm the replication of UK-SELP associations. These results revealed the association of rs3917657 and rs6131 in US samples. The over-transmitted alleles of these two SNPs i.e. C and G, were also carried on UK risk haplotype. The combined UK-US data set showed the stronger association of rs3917657 and rs3753306 as compared to individual data sets of both the SLE families. Furthermore, the promoter variant rs3753306 is found to affect the transcription factor binding activity. The C allele of rs3753306 was shown to disrupt trans-activating transcription factor binding site and limiting the function of P-selectin. It is proposed that this allele may reduce the recruitment of pro-inflammatory leukocytes by decreasing production of P-selectin [29] .
Other studies showed the association of the variants rs1800805 (-1969G/A), rs1800807 (-2123C/G), rs1800808 (-1817T/C) with increased risk of cardiac heart disease (CHD) and MI among Asians and Caucasians, but in contrast this pattern was reverted in case of Africans. This finding further asserts the important role of ethnicity in susceptibility to various diseases [56, 57] . Furthermore, the variant rs1800807, located within a putative transcription factor binding site for c-Ets-1, is reported to be associated with higher soluble P-selectin levels. The intronic variant rs2235302 is found to be associated with higher P-selectin levels and increased thickness of carotid intima media [56] . Another genomic study also reveals the significant association of rs2235302 with higher sP-selectin levels [30] . The variant rs732314 is found to be associated with propensity to low HDL cholesterol and coronary heart disease [58] . Another variant rs3917779, located in the 10 th intron at the binding site of CCCTC-binding factor (CTCF), is reported to be associated with proliferative diabetic retinopathy in Iran [59] . The CTCF binding factor involves in transcription regulations in various ways, including activation or repression of selective promoter, blocking of enhancer, hormone responsive silencing, alternative silencing and genomic imprinting [60] [61] . The study proposed that TT genotype of rs3917779 may affect the transcription by abolishing the binding site of CTCF binding factor [59] . Thus, these studies serve as strong evidence for the contribution of P-selectin variants in the risk of various disease conditions.
Conclusion
In silico analysis reveals 27 functionally important SNPs in human SELP gene. Out of these, 11 SNPs has been reported to be associated with various inflammatory diseases in previous studies, thus validating the finding of the present analysis. However, the remaining 16 SNPs (rs1018828, rs3917651, rs3917647, rs3917655, rs3917802, rs3917803, rs3917824, rs3917840, rs3917843, rs3917848, rs3917853, rs3917854, rs3917855, rs2205895, rs3917811 and rs3917739) are not yet studied, thus they need to be thoroughly investigated. This will facilitate researchers to focus on experimental validation of these SNPs in various inflammatory disease conditions.
